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rotation operation or the swing operation of the tip operating
unit.

19 Claims, 15 Drawing Sheets

10

Naadle Driver

Roll

53

| Yawy

Monopolar
|. Hook

Rl

D5

Y| Yaw

Dol | 5o

AGPc bt F 6 N

Select Storage Destingtion

& | B€

Scissors | Needle Driver{Bipolar Grasperl
) Rofl Rl ) Roill

ﬂ

(%] Vaw ) Ve | Vawy |

¥ |2

1 19

(rotum | [ <8 ) [ > ] [overwis] @

(F1)

(F2)

(F3) (F4)



US 9,414,849 B2

Page 2
(51) Int.CL 2006/0074405 Al* 4/2006 Malackowskietal. ........... 606/1
A6IB 17/16 2006.01 2006/0259055 Al1* 11/2006 Thomeetal. ................. 606/180
A61B 18/]14 (2006 Ol) 2006/0287645 Al1* 12/2006 Tashiroetal. .................... 606/1
( 01) 2007/0130376 A1*  6/2007 MOON ovveeireiireneeeeinainainnn, 710/8
(52) U.S. (L 2008/0091072 Al* 4/2008 Omorietal. ...c.oo........ 600/131
CPC v A61B2017/0046 (2013.01); 4618 2008/0262476 Al* 10/2008 Krauseetal. ................. 604/540
_ j 2008/0262654 Al1*™ 10/2008 Omorretal. .................. 700/245
2017/00199 (2013.01); A61B 2017/00225 5000/00 18390 Al 17009 Honda ef al
(2013.01); 4618 2018/1422 (2013.01); 4615 2009/0030428 Al*  1/2009 Omori et al. ...oocooe........ 606/130
2034/254 (20]6_02) 2009/0110533 AL*  4/2000 JINNO ..oovvvvenvnininiinn, 414/783
2010/0304932 Al1* 12/2010 Kolman ............. A63B 71/0619
(56) References Cited 482/7
U.S. PATENT DOCUMENTS FOREIGN PATENT DOCUMENTS
6,120,433 A 9/2000 Mizuno et al. P 2001-276091 A 10/2001
6,666,860 B1* 12/2003 Takahashi ............c.......... 606/34 JP 2004-105451 A 4/2004
2002/0002368 Al* 1/2002 Tomitaetal. ......ccoevvverenn... 606/4 JP 2009-011809 A 1/2009
2002/0038102 Al1* 3/2002 McFarlin ........... A61B 17/1626 JP 2009-226029 A 10/2009
604/30
2002/0087179 Al* 7/2002 Culpetal. ..ocooooceveene... 606/167 OTHER PUBLICATIONS
. .
%8831?8??2382 i 2 ggggi Eipowl ctal. v 702{)262/(1) Notice of Rejection of Application from Japan, Application No.
2005/0180615 AL* 82005 Gerder oo, 382/124 2012-508271, Issued: Feb. 17, 2015, 3 pages.
2005/0222587 Al1* 10/2005 Jinnoetal. .................... 606/130
2006/0020258 Al* 1/2006 Strauss etal. ..................... 606/1 * cited by examiner




U.S. Patent Aug. 16, 2016 Sheet 1 of 15 US 9,414,849 B2




US 9,414,849 B2

Sheet 2 of 15

Aug. 16, 2016

U.S. Patent

ce (eoL @BIL 99 rAS

q5¢

N S NN N N N N N N Sy

A
T I VAV A
]

q4¢8
(9) 208

7

N
e 5 Y
VATl N [0
[ A

p——

ZA
A

77 ~ L7
\
A

T

¢ Dl



US 9,414,849 B2

91 1 X
\
B/E-~ / XI5
[Tt e e — — GL = |/
/ Vo 99 ™ v
- ] e /_..ﬁ A
= m v, :
A 77) o
= i 208 V4 s | epg
72 : AV VANANANA VNN N VA AN H

¥
*
F
... =
* E
[
-
hllltlil'lvtl-llr‘i.‘lllllllrJJLE|.|l|l...........|.|1l....r-..[|-...r.l.| ll q II R T Sa— bl M A [ ———— P P U ——— —
-
+

Aug. 16, 2016

U.S. Patent



U.S. Patent Aug. 16, 2016 Sheet 4 of 15 US 9,414,849 B2

32a
82b




U.S. Patent Aug. 16, 2016 Sheet 5 of 15 US 9,414,849 B2

F1G. o




U.S. Patent Aug. 16, 2016 Sheet 6 of 15 US 9,414,849 B2

FI1G. 6
25a
943
YT
AY
1</
\




US 9,414,849 B2

Sheet 7 of 15

Aug. 16, 2016

U.S. Patent

201 87@ 001
@ _ b c 2 4@ @

LA LAN ElA

=PN=

+ —

Smmyw N Bge ﬂm@m?m&%@g -, 1 [seuuL AuemizeouQ) 11 914 14N . ely
1193 SAS W NOOH 1 USAV@ A\Ww ,”_w

NA, 12]0dOUON 22 g - SJPeeN
VOl
52 - |
[ Bl



@\

e

oA

M - S
3 201 87@ 001

)

7P,

- V4 o ¢ | 4 @

SN b D .
GZA ZAN ezA |mm ooes | L ) L= ) (Lune LA LAN BLA

\r B S
: + \w @J
: .. _
=
s c| ¢lmve
: || R LU ELY
Mue 0Ll AOUIBN 109185 @ U A@@
o
6¢ .
8 Jl4

U.S. Patent



US 9,414,849 B2

Sheet 9 of 15

Aug. 16, 2016

U.S. Patent

| _)_w JOIPINAIUOW

No— 00 w/

' JOJOBUUDY) et —————

ﬁ'lllll! UM LuswaBoudyy uoyoiado |

|
| neiy
8¢ 1 |USWSBDUDW DO — |

1 9¢ l Hun Bulpes peads ’

Ol —J* AD|dsIC J0u3 lel ve _.l~ e d IIL

i

JUN UOKOS}Q SIPUDH

» 11un Buipes sBonbun? 8l

un 9bRIOIS te—
_ij Lun }S

9]

0 T/_ Aojdsiq) TIII||\.T§ o1uCD ADdSIC
0¢l

—vl.\.

HUN JOJUOD) WBLSAS

ikl

Fd~Ld~

UDEMS UOLDUN

UDLIMS Buljjag

ZS ‘18”7

A4t

UDIMS 12M0d | |

|

2117

901~

=JleNile}g'

677




US 9,414,849 B2

Sheet 10 of 15

Aug. 16, 2016

U.S. Patent

11

UoNDULIoU| pasads 185

(JedseJy Je|od|

JoipuLIolUl pasds jes

(MOOH 7] 4B|OCOUCH)

AN

UOHDWLIOJUL Pasads 18g

(J9A14( 3| pPadN)
L wiey

L AJOWBN

uolbWIOU| paeds 18s

(ladseuy Jejodig)
G W] “

UONDULICIUl paads 18

(MOOH 7 4e|0douci)

¢ W3]

UOLOULIOU| paads 185

(49n14( 8 |paoN)
| U2l

q AIOUIBW

UOUDULIOJU| Poads }88 |

(dadseJy Je|odig)
G WS

LUOHDULIOUI paads Jag

(MOOH 7 Je|ocdoucy)

¢ Wiall

UOIDUWLIOIU| poads |8s

(4oA11Q 8]pasy)

OSEN

v AJOUIDW _

11un ebnI0]S

Ol 913



U.S. Patent Aug. 16, 2016 Sheet 11 of 15 US 9,414,849 B2

FIG. T1A

(F1) (F2) (F3) (F4)

FI1G. 118




U.S. Patent Aug. 16, 2016 Sheet 12 of 15 US 9,414,849 B2

F1G. 12A

/) Needle ;= Monopolar
°l Driver ||| ||L Hook

(Once/Twenty Time) | | | w(Or*c:e/TwenW Times)

(updati®) f il
(F3)

C @ [E [F @ [Hl Select Memory

Monopot ar

Needie Driver __Hook

Q) Roll
7




U.S. Patent Aug. 16, 2016 Sheet 13 of 15 US 9,414,849 B2

F1G. 13A
104
r W Needle ||| Monopolar
O' FIV@%@}TY? y[(Tc:mes) (FlveH.T;—r%g/T@w i T )
- % l-j: - ? d
(ﬁ“ — | @Ia I@ (—mm@ww
(F1) (F2) (F3) (F4)
F1G. 13B
10

Monopolar
L. Hook

l Return | | ] ‘ | ‘(Dvemwﬂel

(F1) (F2) (F3) (F4)



U.S. Patent Aug. 16, 2016 Sheet 14 of 15 US 9,414,849 B2

FI1G. 14A

, w Needle |||/ Needle
°l Driver ° D[r Ver

( Five Ttmes/Twen’ry Times}) L ( Five Times/Twenty Times}) 1

Eril

Mm@m — |

4 onlill] |

M@m
(F1) (F2)

F1G. 148

104
' 1 -
N L 111 ) — %\q@
The Same Kind of Time is Registered Only Once
© Please Selec’r Numerical Value to be Registered |P
Left Numerical Value / Right Numerical Value VMED

3 anll || 5 ‘
el A wtdl

( Left 7} ( R'Q—W iy
(F1) (F2) (F3) (F4)




U.S. Patent Aug. 16, 2016 Sheet 15 of 15 US 9,414,849 B2

=
-
Lo

v 002

506

26A
O
g

24A

S
-« _
Ll A S % ke
? KON BT e
_— N -
Lo \ ale Y T
‘S b a—
- = T = W\
= -
y— —
T 33 <
N ™ %
o0
|

FIG. 15
12



US 9,414,849 B2

1
MEDICAL MANIPULATOR SYSTEM

CROSS REFERENCES TO RELATED
APPLICATIONS

This application 1s a continuation of International Appli-

cation No. PCT/JP2011/057526 filed on Mar. 28, 2011 and
claims priority to Japanese Patent Application JP2010-

076940 filed 1n the Japanese Patent Office on Mar. 30, 2010,
the entire content of both of which 1s incorporated herein by
reference.

TECHNICAL FIELD

The present invention generally relates to a medical
manipulator system that includes a main body, a working unit
in which a tip operating unit 1s provided at a tip of a shaft, and
a controller that 1s connected to the main body portion, which
drives and controls the tip operating unait.

BACKGROUND DISCUSSION

For example, mn endoscopic surgery (also referred to as
“laparoscopic surgery™), a plurality of holes are drilled on an
abdomen of a patient, after a trocar (cylindrical instrument) 1s
iserted as a passage port of an instrument, a tip of forceps
having a shaft is inserted into a body cavity through the trocar,
and surgery for the affected part 1s carried out. Grippers,
scissors, and blades of an electrosurgical knife for gripping
biological tissues are mounted to the tip of the forceps as a
working unit.

As the forceps that are inserted from the trocar, in addition
to general forceps that does not have a joint at the working,
unit of the tip, forceps that have a plurality of joints at the
working unit, which are known as a mampulator or manipu-
lator system have been developed. An example 1s disclosed 1n
Japanese Application Publication No. 2004-105451. The
manipulator allows the operation to be performed with a
relatively high degree of freedom 1n the body cavity and the
manipulation 1s relatively easy.

The mampulator has a working unit that includes a tip
operating unit (also referred to as an “end effector”) provided
at the tip ol the slender shait, and an actuator that drives the tip
operating unit through a wire 1s provided at a main body
portion (operating unit). The wire 1s wound around a pulley at
a base end side of the main body portion (or operating unit).

In the above-disclosed manipulator, a plurality of joint
portions are provided at a tip operating unit, and the tip
operating unit can perform a roll-axis operation of carrying
out a rotation operation about an axial direction of the tip
operating unit, a yaw-axis operation and a pitch-axis opera-
tion of carrying out a swing (yawing) operation along a direc-
tion that intersects the axial direction based on the drive of the
actuator. Relatively high operability can thus be achieved in a
body cavity.

However, 1t 1s considered that individual differences in the
operating speed of the easy to handle tip operating unit are
generated according to doctors handling the manipulator and
an optimal operating speed may be also different according to
a surgical form or a kind of the tip operating unit (for example,
gripper, sC1Ssors ).

SUMMARY

According to one aspect, a medical manipulator includes: a
main body portion that includes drive shaits which are rotated
by actuators and an mnput unit which drives the actuators. A
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2

working unit includes driven shafts which are rotatably driven
by the drive shatts, and a tip operating unit which 1s operated
by the rotation of the driven shaits. A shaft which 1s provided
at a tip of the tip operating unit, and that 1s attached to and
detached from the main body portion, and a controller that 1s
connected to the main body portion and therefore, controls so
as to drive the actuators based on an 1put operation to the
input unit, wherein the actuators are driven based on the input
operation to the mput umt, and therefore, the tip operating
unit can perform at least a rotation operation along an axial
direction or a swing operation that crosses the axial direction,
and the controller changes driving speeds of the actuators,
and includes a speed setting unit that can change an operating
speed of the rotation operation or the swing operation of the
t1p operating unit.

According to a further aspect, the controller includes the
speed setting unit that can change the operating speed in the
t1p operating unit in which the rotation operation or the swing
operation can be performed, and therefore, according to 1ndi-
vidual differences of a user (for example, doctor) that handles
the manipulator including main body portion and the working
unit, or kind of tip operating unit (for example, scissors or
needle driver), the setting of the operating speed of the rota-
tion operation or the swing operation can be optimally
changed, and high operability can be achieved.

I1 the tip operating unit can perform the rotation operation
and the swing operation and the speed setting unit can 1ndi-
vidually change the operating speeds of the rotation operation
and the swing operation respectively, relative degree of free-
dom of setting the operating speed of the tip operating unit 1s
improved, and relatively higher operability can be achieved.

If the controller includes a storage unit that stores a set
value of the operating speed of the tip operating unit through
the speed setting unit, the set speed information 1s stored and
can rather easily be retrieved when needed for use.

The controllers may include a storage unit that stores the
values of the operating speed of the tip operating unit set
through the speed setting unit, and a combination of the set
values of each of the operating speeds of the rotation opera-
tion and the swing operation can be registered 1n a plurality of
combinations in the storage unit. Thereby, for example, sets
ol the set speed information of preferences of a plurality of
users can be registered, and even when the plurality of users
use the same controller, the set of each person can be rapidly
retrieved.

If there are a plurality of kinds of tip operating umits, and
the speed setting unit can change the operating speed for each
kind of the tip operating unit that 1s provided in the working
unit mounted to the main body portion and can register the set
value of the operating speed for each kind 1n the storage unit,
the setting and registration of the operating speed which more
flexibly correspond to the preference of the user in the oper-
ating speed for each kind of the tip operating unit can be
performed.

The controller may simultaneously connect a plurality of
medical manipulators that include the main body portion and
the working unit and may individually change the operating
speed of the tip operating unit of each medical manipulator
respectively. Thereby, for example, even when a single user
simultaneously uses the plurality of manipulators and per-
forms the manipulation, the operating speed of each tip opera-
tion unit can be flexibly changed.

I1 the medical manipulator includes a display portion that
displays the set speed of the tip operating unit, the set speed
can be specified by the user, and the change of the operating
speed can be also rather easily performed.
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The controller can 1nclude a speed setting unit that can
change the operating speed 1n the tip operating unit 1n which

the rotation operation or the swing operation can be per-
tormed. Thereby, according to individual differences of auser
(for example, doctor) that handles the manipulator including
main body portion and the working unit, or kind of tip oper-
ating unit (for example, scissors or needle driver), the setting
of the operating speed of the rotation operation or the swing
operation can be optimally changed, and high operability can
be achieved.

According to another aspect, a medical manipulator sys-
tem, which includes a main body portion that includes drive
shafts which are rotated by actuators and an input unit which
drives the actuators, and a working unit that includes driven
shafts which are rotatably driven by the drive shaits. A tip
operating unit 1s operated by the rotation of the driven shafts,
and a shait 1s provided at a tip of the tip operating unit. A
controller connected to the main body portion, which controls
the actuators based on an input operation to the input unit, and
wherein the actuators are driven based on the 1input operation
to the input unit. The tip operating unit performs at least a
rotation operation along an axial direction or a swing opera-
tion that crosses the axial direction. The controller changes
driving speeds of the actuators, and includes a speed setting
unit, which changes an operating speed of the rotation opera-
tion or the swing operation of the tip operating unit.

According to another aspect, a medical manipulator sys-
tem, which includes a main body portion that includes drive
shafts which are rotated by actuators and an input unit which
drives the actuators, and a working unit that includes driven
shafts which are rotatably driven by the drive shaits. A tip
operating unit 1s operated by the rotation of the driven shafts,
and a shaft 1s provided at a tip of the tip operating unit. The
shaft 1s attached to and detached from the main body portion.
A controller that 1s connected to the main body portion and
controls the actuators based on an input operation to the input
unit, and wherein the actuators are driven based on the input
operation to the input unit. The tip operating unit performs at
least a rotation operation along an axial direction or a swing
operation that crosses the axial direction, and the controller
changes driving speeds of the actuators, and includes a speed
setting unit that changes an operating speed of the rotation
operation or the swing operation of the tip operating unit.

The medical manipulator disclosed here 1s configured to
substantially optimize the operating speed of the tip operating
unit according to the individual differences of users and the
kind of tip operating unit.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s an overall view showing a manipulator system
according to an embodiment.

FI1G. 2 1s a partial cross-sectional side view of a manipula-
tor 1n a state where a working unit and an operating unit are
separated from each other.

FIG. 3 1s a cross-sectional plan view 1n which a portion of
the working unit 1s omitted.

FIG. 4 1s a perspective view of a tip operating unit.

FIG. 5 1s an explanatory diagram of combinations of the
manipulator.

FIG. 6 15 a perspective view of the manipulator in which a
portion of the composite input unit and the peripheral portion
of the manipulator are omitted.

FI1G. 7 1s a front view of a console 1n a state where a speed
display screen 1s displayed on a display.

FIG. 8 1s a front view of the console 1n a state where a
memory selection screen 1s displayed on the display.
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FIG. 91s an explanatory block diagram of functions that are
included in the console.

FIG. 10 1s an explanatory diagram showing an example of
information that i1s registered in a storage unit.

FIG. 11A 1s an explanatory diagram showing an example
of an 1mage of prompting a connection of the operating unitto
a connector.

FIG. 11B 1s an explanatory diagram showing an example of
an 1mage ol prompting a mounting of a working unait to the
operating unit.

FIG. 12A 1s an explanatory diagram showing an example
of an 1nitial speed display screen.

FIG. 12B 1s an explanatory diagram showing an example of
a memory selection screen.

FIG. 13A 1s an explanatory diagram showing an example
of the speed display screen when the speed change of the tip
operating unit 1s performed during use.

FIG. 13B 1s an explanatory diagram showing an example of
a registration destination memory selection screen that 1s
displayed followed by the screen displayed 1n FIG. 13A.

FIG. 14A 1s an explanatory diagram showing an example
of the speed display screen 1n a state where the manipulator
having the same kind of tip operating units 1s connected to
cach connector.

FIG. 14B 1s an explanatory diagram showing an example of
a selection screen of the manipulator that registers a setting
speed after the change after the manipulator having the same
kind of tip operating units 1s used 1n a state of being connected

to each connector.
FIG. 15 1s a schematic perspective view of a robot system

for surgery.

DETAILED DESCRIPTION

Set forth below with reference to the accompanying draw-
ings 1s a detailed description of an embodiment of a medical
mampulator disclosed here by way of example.

As shown i FIG. 1, a manipulator system (medical
mampulator system) 10 includes a mamipulator (medical
mamipulator) 11 and a console (controller) 29 that controls of
the drive of the manipulator 11. The manipulator 11 1s a
medical mstrument for performing predetermined processes
such as a gripping of a portion of a living body, a curved
needle, a cutting of a portion of a living body, which 1s
performed by operating a tip operating unit 12 provided at a
tip of a shaft 18.

In the descriptions below, 1n FIG. 1, the width direction 1s
defined as an X direction, the height direction 1s defined as a
Y direction, and the extension direction of the shaft 18 1is
defined as a Z direction. In addition, when viewed from the tip
side, the right side 1s defined as an X1 direction, the left side
1s defined as an X2 direction, the up direction 1s defined as a
Y1 direction, the down direction 1s defined as a Y2 direction,
the front side of the shatt 18 1s defined as a Z1 direction, and
the rear side of the shaft 18 1s defined as a Z2 direction. In
addition, unless otherwise noted, these direction descriptions
are expressed with a case where the manipulator 11 has a
reference posture (neutral posture) as a reference. These
directions are for convenience ol explanation, and 1t 1s need-
less to say that the manipulator 11 can be used 1n any orien-
tation (for example, with up and down nverted).

The manipulator 11 1s gripped and operated by hands and
includes an operating unit (main body portion) 14 that accom-
modates a drive mechamsm 30 which applies a driving force
to the tip operating unit 12 and a working unit (forceps) 16
that 1s attached to and detached from the operating unit 14, a
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cable 28 that extends from a lower end of a grip handle 26 1s
connected to the console 29, and therefore, the manipulator
system 10 1s configured.

As shown 1 FIGS. 1 and 2, the operating unit 14 1s con-
figured 1n an approximate L. shape that extends in the Z1
direction and Y 2 direction and includes a pair of upper covers
235a and 255 that 1s approximately symmetrically divided 1n
the Z direction (hereinafter, collectively referred to as an
“upper cover 25”) as a housing, the drive mechanism 30 1s
positioned in the inner portion of the housing, and a portion of
the operating unit that extends in the Y2 direction at the base
end side 1s configured of the grip handle 26 that 1s gripped by
hands. The grip handle 26 has a length that 1s suitable to be
gripped by hands, and a composite input unit (input unit) 24
1s provided on an inclined plane 26a of the upper portion of
the grip handle.

A master switch 34 1s provided so as to be exposed from the
upper cover 256 1n the vicinity of the top in the Y1 direction
of the operating unit 14, and a LED 33 1s provided at a place
which 1s rather easily observed in the Z1 direction of the
master switch 34. In FIG. 1, an electrode plug 41 that extends
from the vicinity of the end 1n the Z1 direction of the operat-
ing unit 14 to the Y1 direction 1s an electrode to which a high
voltage source 1s connected when the manipulator 11 1s used
as an electronic scalpel, and the electrode plug can supply a
high voltage to the tip operating unit 12 side through a con-
ducting structure (not shown).

As shown FIGS. 1 to 3, the working unit 16 includes the tip
operating unit 12 that performs a work, the shaft 18 that
installs the tip operating umt 12 on the tip and 1s long and
hollow, a pulley box 32 to which the base end side of the shaft
18 1s fixed, and a trigger lever 36 that 1s pivotally supported to
a trigger lever support portion 33 which extends from the end
in the Z2 direction of the pulley box 32. The work unit 16
includes a pair of lower covers 37a and 376 (heremafter,
collectively referred to as a “lower cover 37”) that 1s approxi-
mately symmetrically divided in the Z direction as a housing,
and the pulley box 32 1s accommodated in the inner portion of
the working unit. The trigger lever support portion 33 1s a pair
ol plates that extends so as to be parallel 1n the Z2 direction
from the Z2 side end surface of the pulley box 32 and rotat-
ably and pivotally supports the trigger lever 36 through a
trigger shaft 39 that crosses between the plates (refer to FIG.
3).

As shown 1n FIG. 1, the tip operating unit 12 and the shaft
18 are configured so as to have a small diameter, can be
inserted into a body cavity 22 from a cylindrical trocar 20 that
1s provided at abdomen of a patient, and can perform various
kinds of manipulation such as excision of an affected part,
gripping, suture, and ligation 1n the body cavity 22 through
the operation of the composite input unit 24 and the trigger
lever 36.

For example, as shown 1n FIG. 4, the tip operating unit 12
that 1s operated based on the operation of the composite input
unit 24 and the trigger lever 36 includes scissors 48, and can
perform a three-axis operation including a yaw axis Oy opera-
tion that t1lts based on the Y axis, a roll axis Or operation that
rotates based on an axis (Z axis at the time of neutral posture)
that 1s oriented toward the tip, and an opeming and closing axis
Oo operation that opens and closes the scissors 48. In the case
of the present embodiment, the yaw axis Oy and the roll axis
Or are electrically driven based on the operation of the com-
posite mput unit 24 and the opening and closing axis Oo 1s
mechanically driven based on the operation of the trigger
lever 36. Along with the yaw axis Oy, or instead of the yaw
axis Oy, a pitch-axis operation that swings the tip operating
unit 12 up and down may be applied. Here, mechanical driv-
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ing means a method that 1s driven via a wire, a chain, a timing
belt, a link, a rod, a gear, and 1s a method that 1s mainly driven
via mechanical components, which are made of a non-elastic
solid, 1n a power transmission direction. Some inevitable
extension may be generated due to the tension 1n the wire, the
chain, however, these are regarded as mechanical compo-
nents made of a non-elastic solid.

The working unit 16 1s connected and fixed to the operating,
unit 14 by a pair of left and right detachable levers 40 and 40
that are provided in the operating unit 14 and can be detached
from the operating umt 14 through the opening operation of
the detachable lever 40, and therelfore, replacement work can
be rather easily performed at a surgery site without using
specific equipment.

Here, as shown in FIG. 5, the mampulator 11 and the
mampulator system 10 including the manipulator 11, can
selectively adopt various configurations. For example, in the
working umt 16 that 1s attached to and detached from the
operating unit 14, five kinds of working units 16a, 165, 16c,
164, and 16e, in which the kind of the tip operating unit 12 1s
changed as a variation, are prepared.

Two manipulators 11 can be simultaneously connected to
the console 29. That 1s, a first connector 100 and a second
connector 102 are provided in the console 29, single operat-
ing unit 14 can be mounted to each of the connectors 100 and
102 respectively. In addition, for example, a desired working,
umt among the above-described five kinds of working units
16a to 16e can be mounted to each operating unit 14. Thereby,
a practitioner simultancously uses two manipulators accord-
ing to a kind of manipulation, or a practice, which selectively
combines various working units 16a to 164 as the working
unit 16, and can configure the manipulator system 10.

For example, as the kind of the tip operating unit 12, there
may be scissors, a gripper, a needle driver (grip forceps), an
clectronic scalpel, a blade type electronic scalpel, or a hook
type electronic scalpel. Each of the working units 16a to 16¢
in which each kind of the tip operating units 12 1s provided has
a common configuration including the pulley box 32 from the
shaft 18 to the trigger lever 36. However, identification infor-
mation such as the type of the working units can be supplied
to the operating unit 14 side, that 1s, the console 29 by a bar
code 75 described below.

The drive mechamism 30 and the pulley box 32 can be
attached to and detached from each other, and therefore, a

driving force can be transmitted from the operating unit 14 to
the working unit 16.

As shown 1n FIGS. 1 and 2, the drive mechanism 30
includes two motors (actuator) 50a and 505 that are lined up
in the X direction, a bracket 52 that supports the motors 50q
and 505, and a gear mechanism portion 34 that converts the
rotation direction of the motors 50q and 505 and transmits the
driving force to the working unit 16 side.

The motors 50a and 506 have a columnar form, output
shafts 56a and 565 that are decelerated by a reduction gear
(not shown) penetrate one surface of the bracket 52, and
driving bevel gears 38a and 585 configuring the gear mecha-
nism portion 34 1s fixed to the output shafts S6a and 565. For
example, the motors 50a and 506 are a DC motor, and a rotary
encoder which 1s an angle sensor (not shown) are provided 1n
the motors.

The gear mechanism portion 54 1s provided in a space
within the bracket 52, and includes two drive shaits (drive
axes) 60a and 605 that are lined up 1n the X direction and two
driven bevel gears 62a and 625 that are fixed to each of drive
shafts 60a and 605 and engage with the driving bevel gears
58a and 58b. The output shafts 56a and 565 of the motors 50q
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and 505, the drive shatts 60a and 605, are pivotally supported
to the bracket 52 through bearings (not shown).

The lower end side of the drive shaft 60a (605) protrudes
from the lower surface of the bracket 52, and for example, an
engaging protrusion 64a (645) that has a cross-section of a
hexagonal wavetorm and 1s formed 1n a taper shape having a
tapered tip 1s provided 1n the tip of the protruded lower end

(refer to FIG. 2).

As shown 1n FIGS. 2 and 3, the pulley box 32 includes a
cavity portion 66 1n which both ends are opened 1n the X
direction, and pulleys (driven shafts) 70a and 7056 and wire
guide portions 72a and 72b that are accommodated 1n the
cavity portion 66, and the shaft 18 1s fixed and supported to a
hole portion that penetrates the Z1 side of the cavity portion
66. A bar code (1dentification information recording portion
of working unit) 75 facing upward 1s provided at the rear (X2
side) of the pulley box 32. For example, the bar code 75 1s a
two-dimensional bar code, 1s read by a camera (reading por-
tion) 77 that 1s provided at the operating unit 14 side, and 1s a
bar code for supplying the identification information such as
the kind of the working unit 16 to the console 29.

The pulleys 70aq and 706 have the same axis as the drive
shafts 60a and 605, and engaging recesses 74a and 74b that
can engage with the engaging protrusions 64a and 645 of the
drive shafts 60a and 605 side are provided at the upper end
side of the pulleys. The engaging protrusions 64a and 645 can
engage with (fit to) the engaging recesses 74a and 745 and for
example, includes a concave portion that has a cross-section
ol a hexagonal wavelorm and a taper shape having a tapered
iner portion (refer to FIG. 2).

Accordingly, when the operating umt 14 and the working
unit 16 are mounted, the engaging protruswn 64a (64b) of the
drive mechanism 30 side and the engaging recess 74a (74b) of
the pulley box 32 side engage with each other, and therefore,
the rotation driving force from the drive shaft 60a (605) can
be transmitted to the pulley 70a (706). For example, an attach-
ment and detachment detection sensor (not shown) that
detects the attachment and detachment of the operating unit
14 and the working unit 16, a phase detection sensor (not
shown) that detects a phase of the drive shatt 60a may be
provided at the operating unit 14, and the engagement struc-
ture of the engaging protrusion 64a or the engaging recess
74a may have another structure.

As shown 1n FIGS. 2 and 3, the wire guide portion 72a
(72b) 1s disposed at the Z1 side of the pulley 70a (705), an
interval between the wire guide portions 1s set so as to be
narrow, and the wire guide portion have a function that guides
a wire (power transmission member) 80a (805) which 1s
wound among a gear 78, a gear 79, and the like (refer to FIG.
4) of the pulley 70a (705) and the tip operating umt 12 and
relatively smoothly introduces the wire into the shaft 18. The
wire guide portions 72a and 7256 are used, and therefore, the
shaft 18 can be sufficiently thin without depending on diam-
cters of the motors 30a and 505 or an axial distance between
the pulleys 70a and 705, and for example, the shaft can be set
to an outer diameter of approximately 5 mm to 10 mm that 1s
suitable to be mserted to the trocar 20.

In addition, two rods 82a and 8254 that 1s formed 1n a rod
shape or line shape and 1s a power transmission member
penetrate 1 the Z direction so as to be lined up in the Y
direction 1n the cavity portion 66 that configures the pulley
box 32. For example, the rods 82a and 825 are a stainless pipe
or a solid rod that 1s sufficient strong and thin, penetrate the
cavity portion 66 and extend to the iner portion of the shaft
18, and are wound around the gear 78 in the tip operating unit
12 via a wire (not shown) or the like (refer to FIG. 4). In
addition, 1n the 72 direction, the rods penetrate the pulley box
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32 and extend to the trigger lever support portion 33 and are
connected to the trigger lever 36 via a wire (not shown) or the
like (refer to FIG. 3).

As shown in FIGS. 2 and 3, a pair of pinholes 84 and 84 that
1s symmetrical based on the Z direction 1s formed at the Z2
side of the pulley box 32. A pair of guide pins 86 and 86 that
protrudes 1n the Y1 direction from the bottom surface of the
bracket 52 are inserted to each of the pinholes 84 and 84 at the
time of the mounting of the working unit 16 and the operating
unit 14, and theretfore, the operating unit 14 and the working
unit 16 are positioned and mounted so as to have high stifi-
ness.

In the working unit 16, each of wires 80a and 805 1s
reciprocated between the pulleys 70a and 705 side and the tip
operating unit 12 side, and theretfore, four extended wires 80qa
and 806 and two rods 82a and 825 are 1inserted into the hollow
space of the shaft 18. For example, all power transmission
mechanisms may be configured by only wires instead of the
rods. Each of wires 80aq and 805 may be the same kind as or
different kind from each other, may be the same diameter as
or different diameter from each other, and 1s configured of a
bendable wire having flexibility. In the wires 80a and 805, a
linear portion in which the flexibility 1s not needed 1n a por-
tion passing through the mnner portion of the shaft 18 is sur-
rounded by a remnforcement rod having high stiffness (not
shown) and may be refined.

Accordingly, in the manipulator 11, 1f the composite input
umt 24 1s operated, the motors 50a and 505 are driven and
controlled under the control of the console 29, and therefore,
the wires 80a and 806 are driven so as to reciprocate via the
pulleys 70a and 705 from the drive shatts 60a and 605, and the
rotation operation (operation in the roll direction) having the
roll axis Or as a center and the swmg operation (operation 1n
the yaw direction or operation 1n the pitch direction) having
the yaw axis Oy as a center are applied to the tip operating unit
12 (refer to FIG. 4). In addition, the trigger lever 36 1s oper-
ated to be rotated, therefore, the rods 82a and 826 are
mechanically driven so as to reciprocate, and an opening and
closing operation 1s applied to the scissors 48 of the tip oper-
ating unit 12.

The pulleys 70a and 705 (motors 50aq and 505) and the
trigger lever 36 apply the driving force to the wires 80a and
806 and the rods 82a and 826 which are a power transmission
member and function as a drive mechanism portion that oper-
ates the tip operating unit 12. More specifically, the pulleys
70a and 7056 (motors 50a and 506) apply the driving force to
the wires 80a and 806 and function as an electric mechanism
portion that applies the operation 1n the roll direction and yaw
direction to the tip operating unit 12. In addition, the trigger
lever 36 applies the driving force to the rods 824 and 825 and
functions a manual mechanism portion that applies the open-
ing and closing operation of the scissors 48 to the tip operat-
ing unit 12.

As shown in FIG. 6, the composite mput umt 24 that
clectrically drives the tip operating unit 12 has a structure that
1s symmetrical in the X1 and X2 directions with the Z axis (Y
axis) as a center and 1s a composite input unit that applies a
rotation command in the roll direction (axis rotation direc-
tion) and the yaw direction (left and right directions) with
respect to the tip operating unit 12.

The composite input unmit 24 1s supported by a sensor holder
88 that 1s disposed on the inclined plane 264, and includes a
rotation operating unit 90 of the Z1 side (Y1 side) of the
inclined plane 264, a tilting operating unit 92 that 1s provided
atthe 72 side (Y2 side), and three switch operators 94a to 94c¢
that are disposed on the surface of the lower portion side of the
tilting operating unit 92 respectively. The operation amount in
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the mput to the rotation operating unit 90 1s detected by a
switch substrate (not shown) that 1s provided in the sensor
holder 88, and the motors 50a and 506 are appropriately
driven and controlled under the control of the console 29.

The console 29 1s a controller (control portion) that syn-
thetically controls the manipulator system 10. Moreover, a
portion of a function of the console 29 may be loaded to the
operating unit 14. As shown in FIGS. 1 and 5, the console 29
includes two connectors 100 and 102 and can independently
and simultaneously control two manipulators 11.

The console 29 may be connected to a host computer (not
shown) which 1s use history management means via commu-
nication means such as a LAN. The host computer records a
use history table at recording means of the inner portion,
sends and receives a use history data according to an indi-
vidual number (identification number) for the console 29 or a
plurality of consoles 29 connected through the L AN, and
manages the use history data. The host computer 1s not lim-
ited to a configuration independent of the console 29 and the
functions of the host computer may be provided 1n the inner
portion of the console 29.

As shown 1n FIG. 7, the first connector 100 and the second
connector 102 are provided so as to be separated from each
other 1n the left and right at a front panel of the console 29, and
the first setting switch S1 and the second setting switch S2 are
disposed while interposing a center display 104 so as to
correspond to two manipulators 11 connected to each of
connectors. The first connector 100 and the first setting switch
S1 become a first channel corresponding to one side of the
manipulator 11, and the second connector 102 and the second
setting switch S2 become a second channel corresponding to
the other side of the manmipulator 11. The number of the
channels may be increased according to the use condition or
configuration.

In addition, 1n the front panel of the console 29, a plurality
of (four 1n the present embodiment) function switches F1, F2,
F3, and F4 that are provided along the lower side of the
display 104, a power supply switch 106 that turns on and off
the power of the console 29, and an error display portion 110
that displays various system errors such as a connection error
between the operating unit 14 and the working unit 16 1n the
manipulator 11 with a flickering light (with a blinking light)
are provided.

As shown 1n FIG. 7, the first setting switch S1 performs a
speed change of the tip operating unit 12 of the manipulator
11 that 1s connected to the first connector 100 and includes a
pair ol roll speed change buttons R1aq and R15 that1s provided
in the left and right at the upper stage and a pair of yaw speed
change buttons Y1a and Y15 that 1s provided 1n the left and
right at the lower stage. The roll speed change buttons Rla
and R1b are a setting input unit for decreasing (R1a) and
increasing (R15) the speed of the rotation operation in the roll
axis Or direction of the tip operating unit 12, and a mark MR1
speciflies that the roll speed change buttons R1a and R15 are
the switches changing the speed of the roll operation 1s pro-
vided between the roll speed change buttons. The yaw speed
change buttons Y1la and Ylbare a setting mput unit for
decreasing (Y 1a) and increasing (Y 15) the speed of the swing
operation in the yaw axis Oy direction of the tip operating unit
12, and a mark MY1 specifies that the yaw speed change
buttons Y1a and Y15 are the switches changing the speed of
the yaw operation 1s provided between the yaw speed change
buttons.

Except that the second setting switch S2 1s an input unit that
changes the speed of the rotation operation 1n the roll axis Or
direction and the speed of the swing operation in the yaw axis
Oy direction of the tip operating unit 12 of the manipulator 11
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connected to the second connector 102, the second setting
switch 1s approximately similar to the first setting switch S1.
The second setting switch S2 includes a pair of roll speed
change buttons R2a and R2b that 1s provided in the left and
right at the upper stage, a pair of yaw speed change buttons
Y1a and Y1b that 1s provided 1n the left and right at the lower
stage, a mark MR2, and a mark MY2.

According to the first setting switch S1 and the second
setting switch S2, in the manipulator system 10, for example,
the operating speed of the roll-axis operation and yaw-axis
operation of each working unit 16 1s set and changed to five
levels such as 5 (fast)”, “4 (slightly fast)”, “3 (reference
speed)”, “2 (slightly slow), “1 (slow)”, and can be appropri-
ately adjusted according to preference or manipulation of a
user. For example, if the roll speed change buttons R1a and
R156 and the yaw speed change buttons Y1aand Y15 of the first
setting switch S1 are operated, since the operating speed of
the tip operating unit 12 1s set 1in the manmipulator 11 that 1s
connected to the first connector 100 corresponding thereto, an
operation management unit 118 controls the drive of the
motors 50a and 505 at the set operating speed, and therefore,
the operating speed of the tip operating unit 12 1s controlled to
have a desired speed.

For example, in the display 104, as shown 1n FI1G. 7, the set
speed of the roll-axis operation and the yaw-axis operation
through the first setting switch S1 and the second setting
switch S2 can be displayed by the disposition corresponding,
to each of setting switches S1 and S2. The display 104 can
display the information of each of manipulators 11 that are
connected to the first connector 100 and the second connector
102 1n the left and night of the screen respectively, the kind of
the working unit 16 (tip operating unit 12) 1s displayed in a
graphic form and a name in the upper stage, a usage count of
the working unit 1s displayed in figures, the operating speed
corresponding to the set values at each of setting switches S1
and S2 1s displayed in figures and a graphic form 1n the middle
stage, and current functions of the function switches F1 to F4
disposed along the lower side of the display 104 can be
displayed in the lower stage respectively.

Since two manipulators can be mdividually and simulta-
neously driven and controlled in the console 29, for example,
if the display of the first setting switch S1 configuring the first
channel and the display of the left half of the middle stage of
the display 104 that shows the operating speed of the manipu-
lator 11 corresponding to the first setting switch in figures and
graphs are configured so as to be surrounded by the same
color, and the display of the second setting switch S2 and the
display of the right half of the middle stage of the display 104
that shows the set values of the second setting switch are
configured so as to be surrounded by the color different from
the above-described color, the setting and the change of the
operating speed of each of manipulators 11 can be more easily
performed.

For example, the console 29 corresponds to five kinds of
the tip operating units 12 (working units 16) as described
above, the set speed of the roll-axis operation and the yaw axis
operation of five kinds of the tip operating units 12 can be
individually set and stored according to the preference of a
plurality of (for example, eight) users (doctors) respectively.

Thereby, as shown 1n FIG. 8, the display 104 can collec-
tively display the set speed of the roll-axis operation and the
yaw-axis operation that are set and stored for each kind of the
tip operating unit 12. For example, the display 104 can dis-
playmemories A, B, C, D, E, F, GG, and H that are an individual
set speed folder of every eight users, enlarge and invertedly
display a current selected memory name (memory B 1n FIG.
8) 1in the upper stage, can display the kind of the working unit
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16 (tip operating unit 12) in the selected memory by a graphic
form and a name and display the set speed of the roll-axis
operation and yaw roll-axis operation by a mark, aname, and
figures 1n the middle stage, and can display the current func-
tion of the function switches F1 to F4 in the lower stage
respectively. For example, after the screen of the set speed
shown 1n FIG. 8 displays the information of the manipulator
11 that 1s connected to the first connector 100, 1f the set 1s
completed, subsequently, the screen automatically displays
the information of the manipulator 11 that 1s connected to the
second connector 102. A button that selects the display of the
information of the manipulator 11 connected to which of the
first and second connectors 100 and 102 may be added to the
function switches F1 to F4.

In addition, 1n FIG. 8, a case where a needle drive (Needle
Driver), a monopolar L. hook (Monopolar L. Hook), a scissors
(Scissors), a needle driver (Needle Driver), and a bipolar
grasper (Bipolar Grasper) are used in turn from left as five
kinds of tip operating units 12 1s exemplified. In addition, in
FIG. 7, a case where the needle drive (Needle Driver) 1s
connected to the first connector 100, the monopolar L hook
(Monopolar L Hook) 1s connected to the second connector
102, and the set mnformation of the memory B (shown as
“M-B” 1n FI1G. 7) 1s displayed 1s exemplified.

The console 29 will be described with reference to FI1G. 9.
FIG. 9 1s an explanatory block diagram of functions that are
included in the console 29.

As shown 1n FIG. 9, the console 29 includes the power
supply switch 106, the setting switches S1 and S2, the func-
tion switches F1 to F4, the display 104, the error display
portion 110, and the connectors 100 and 102, and further
includes a system control unit 112 and a storage unit 114.

The system control unit 112 1s a synthetic control unit of
the console 29 that includes a language setting unit 116, an
operation management unit 118, and a display control unit
120.

For example, the language setting unit 116 sets a language
(for example, Japanese, English, Chinese, French, and Span-
1sh) that 1s displayed and used in the console 29 according to
an 1nitial setting at the time of the 1nitial starting or an arbi-
trary set change, the set 1s stored in the storage umt 114,
thereatter, the display on the display 104 1s performed accord-
ing to the set language (or the changed language), and the
operation of the console 29 can be performed.

The operation management unit 118 includes a handle
detection unit 122 that detects the operating unit 14 which 1s
a handle connected to the connectors 100 and 102, an item
detection unit 124 that detects the working unit 16 which 1s an
item mounted to the handle (operating unit 14), a speed set-
ting unit 126 that sets the speed of the roll-axis operation and
yaw-axis operation of the tip operating unit 12, and a data
management unit 128 that manages various data such as the
identification mnformation (1ndividual number, or kind of tip
operating unit 12) of the working umt 16 that 1s read by
photographing the set speed information or the bar code 75
(referto FIG. 2) of each tip operating unit 12 with a camera 77
while using the storage unit 114.

The display control unit 120 receives the supply of various
information from the operation management unit 118, per-
forms arithmetic processing of the information, and displays
the processed information on the display 104. In addition, the
display control unit also performs a display processing for the
function information that 1s divided 1n the function switches
F1 to F4.

The storage unit 114 1s a memory (for example, a RAM)
that stores the set language at the language setting unit 116,
the set speed information of the roll-axis operation and yaw-
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axis operation that 1s set and stored for each kind of the tip
operating umt 12. As shown in FIG. 10, 1n the storage unit
114, the set speed information of the roll-axis operation and
the yaw-axis operation can be registered at eight groups A to
H of the memory, and the set speed information of five kinds
of items 1 to 5 for each set can be registered in each of the
eight groups.

A method of setting the speed of the tip operating umt 12
using console 29 and the operation of the tip operating unit 12
will be disclosed.

First, a desired calling out procedure of the memories A to
H and a use preparation procedure of the manipulator system
10 will be disclosed.

I1 the power supply switch 106 1s turned on and the console
29 starts, under the control of the operation management unit
118 and the display control unit 120, as shown in FIG. 11A, an
image that prompts the connection of the operating unit 14,
which 1s the handle, to the connectors 100 and 102 1s dis-
played on the display 104. Subsequently, 11 the operating unit
14 1s connected, the connection 1s detected by the handle
detection unit 122. In addition, as shown in FI1G. 11B, since an
image that prompts the mounting of the working unit 16,
which 1s an 1tem, to the operating unmit 14, 1f a desired working
unit 16 1s mounted to the operating unit 14, the mounting 1s
detected by the 1tem detection unit 124. For example, where
the operating unit 14 1s connected to only the first connector
100, the left half of the screen displays the image that prompts
the mounting of the item, and the right half of the screen
displays the image that prompts the mounting of the handle to
the second connector 102.

If the manipulator 11 1s connected to each of connectors
100 and 102, as shown in FIG. 12A, an imitial speed display
screen (M-0), which 1s a TOP screen 1n a state where the
memories A to H are not selected, 1s displayed on the display
104. In addition, the kind of the manipulator 11 (tip operating,
unit 12) that 1s connected to each of connectors 100 and 102
1s displayed on the 1nitial speed display screen based on the
identification information that 1s achieved through the bar
code 75 and the camera 77. Thereby, the user selects a “Recall
Memory” of the function switch F4, and therefore, as shown
in FIG. 12B, the user can proceed on the selection screen of
the registered memories A to H. In the memory selection
screen, the function switches F1 to F4 are selected and oper-
ated according to the screen instruction, and for example, as
shown 1n FIG. 8, a desired memory B can be selected.

Therefore, under the management of the data management
unit 128, with respect to the working unit 16 that 1s currently
connected to each of connectors 100 and 102, the set speed
information that 1s registered 1n the memory B according to
the kind of the tip operating unit 12 1s read from the storage
unit 114, the read information 1s displayed as shown 1n FIG.
7, and the use preparation of the manipulator system 10 1s
completed.

Next, a method of changing the set speed of the tip oper-
ating unit 12 and a method of registering 1t during use will be
disclosed.

For example, while surgery 1s performed at the set speed
(M-B) shown i the screen (TOP screen, speed display
screen) at the time of use of the console 29 shown 1n FIG. 7 or
the set speed (M-0) shown 1n the 1nitial speed display screen
shown m FIG. 12A, when the operating speed of the tip
operating unit 12 1s to be changed, the first setting switch S1
(roll speed change buttons Rla and R15 and yaw speed
change buttons Y1a and Y15b) or the second setting switch S2
(roll speed change buttons R2a and R2b6 and yaw speed
change buttons Y2a and Y2b) are approprately operated.
Thereby, the operating speed corresponding to the operation
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1s changed and the display of figures and the graphic form 1n
FIG. 7 1s also simultaneously changed. Therefore, the user
can rather easily and correctly change the operating speed
while viewing the display 104, and the operating speed can
flexibly correspond to an optimal operating speed according
to the manipulation. In addition, since the first and second

setting switches S1 and S2 are disposed so as to correspond to
cach of the first and second connectors 100 and 102 1n the left
and right, the user can more intuitively and correctly perform
the speed change of the desired manipulator 11 between two
manipulators 11.

In this way, when the operating speed 1s changed during
use, as shown in FIG. 13 A, the display at the middle stage of
the display 104 becomes the “M-0" similar to the mitial speed
display, and “Update” 1s displayed on the function switch F3.
Therefore, the function switch F3 i1s selected and operated,
the set speed aifter the change can be registered at the desired
memory among the memories A to H. Of course, the set speed
after the change may be registered to be overwritten on the
memory that 1s called out at the start of the use, may be
registered to be overwritten on another memory, or may be
registered on an empty memory on which the speed informa-
tion 1s not registered.

For example, during the use of the mampulator system 10
with the set of the memory B, when 1n the speed before the
change (that 1s, the speed that 1s registered on the memory B
in advance), the operating speed of the roll axis 1s “5 (the
fastest)” and the operating speed of the yaw axis 1s “2 (slightly
slow)”” 1n the needle driver (Needle Driver) of the item 1 and,
as shown 1 FIG. 13A, 1n the speed after the set 1s changed
during the use, the operating speed of the roll axis 1s 3
(reference speed)” and the operating speed of the yaw axis 1s
“4 (slightly fast)”, as shown 1n FIG. 13B, the speed after the
change, which has a changed color and slightly smaller font
than the numeral of the speed belfore the change while inter-
posing an arrow traversely at the right side of the numeral
indicating the speed before the change, 1s displayed in paral-
lel.

Thereby, as shown 1n FIG. 13B, the user can view and
compare the set speed information betfore the change and the
set speed information after the change on the screen, select
and operate the function switch F4 to the “overwriting” func-
tion 1s added, and therefore, can rather easily change and
register the information to the original memory B. When the
user 1s to overwrite the set speed information after the change
on another memory A, the user appropriately operates the
function switches F2 and F3, displays the information of
another memory, and may perform the overwriting operation
while viewing and comparing the speed information before
the change and the speed information after the change on the
screen. In addition, 1n FIG. 13B, since the set speed informa-
tion 1s not registered 1n the memory E, a display of “empty” 1s
performed on the upper portion of the display of “E”, and
therefore, 1t 1s specified that the memory E 1s an empty
memory.

The change and registration 1s processed through the speed
setting unit 126 of the operation management umt 118, and
the speed display screen (TOP screen) as shown in FIG. 7 1s
automatically displayed on the display 104 again through the
operation management unit 118 and the display control unit
120 after the registration 1s completed. Therefore, the user
relatively smoothly proceeds to the next manipulation or ends
the manipulation.

In addition, the storage unit 114 of the console 29 has a
specification in which the same kind of single 1tem can be
only registered 1n one of the memories A to H.
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Therefore, as shown 1n FIG. 14 A, when the working unit 16
having the same kind of tip operating unit 12 1s connected to
cach of connectors 100 and 102 and used (In FIG. 14A, two
mamipulators 11 are the “Needle Driver”) and the operating
speed 1s changed during the use, as shown i FIG. 14B,
whether or not to register the left set value or the right set
value 1s displayed on the selection screen, and therefore, a
desired set value can be changed and registered as the set after
the change. In FIG. 14B, either the function switch F2
(“right”) or the function switch F3 (“left”) 1s selected and
operated, and therefore, the screen for registering the selected
set value (approximately similar to the screen of the change
and registration of FIG. 13B) 1s displayed.

In the console 29, the information of each of memories A to
H may be changed before the manipulation starting such as
before the connection of the manipulator 11 or may be newly
registered. In this case, since the registration operation 1s
prompted according to the function switches F1 to F4 and the
screen display, the user rather easily can perform the set
registration according to the similar display to the display
shown 1n FIG. 13B. Removal of the registration information
of unnecessary memories A to H can be also performed.

In addition, after the surgery, when the set speed informa-
tion of the mampulator 11 1n the last use 1s to be registered
again after the manipulator 11 1s removed from the connec-
tors 100 and 102 or the working unit 16 1s removed from the
operating unit 14, as shown by a two-dot chain line 1n FIGS.
11A and 11B, “Update” 1s displayed on the function switch
F3. Thereby, the function switch F3 1s selected and operated,
and the set speed information in the last use that 1s temporarily
stored 1n the storage unit 114 1s displayed on the display 104
through the similar screen to the change and registration
screen as shown in FIG. 13B. Therefore, the change and
registration can be rather easily performed through the simi-
lar procedure to that of the general set and change.

As described above, 1n the manipulator system 10, 1n the tip
operating unit 1n which the rotation operation in the roll
direction and the swing operation in the yaw direction (or
pitch direction) can be performed, the speed setting unit 126
in which the operating speed can be changed 1s included in the
console 29. In addition, since the speed setting unit 126 per-
forms the speed set according to the selection operation of the
first setting switch S1 and the second setting switch S2, the
setting switches S1 and S2 may be included in the speed
setting unit. Therefore, according to the individual differ-
ences of the user (doctor) handling the manipulator 11 or the
kind of the tip operating unit 12 (scissors or needle driver), the
operating speed of the rotation operation 1n the roll direction
and the swing operation in the yaw direction can be optimally
set and changed, and high operability can be achieved.

In addition, at least one (for example, only in the roll
direction) of the changes of the operating speed 1n the roll
direction or yaw direction (or pitch direction) may be per-
formed, 1n a case of considering securing of high operability,
it 1s preferable that the settings of both can be individually
changed. In addition, 1in the embodiment, the manipulator
system 10 that includes the console 29, which simultaneously
controls two manipulators 11, 1s exemplified. Of course, the
system may have only a single mampulator 11, or the system
may have 3 or more manipulators 11.

For example, the present invention can be applied to arobot
system for surgery 300 shown 1n FIG. 15.

The robot system for surgery 500 includes a multiple joint
type robot arm 502 and a console (controller) 504 that con-
trols the robot arm, and a mechanism similar to the above-
described manipulator 11 1s provided on the tip of the robot
arm 502. A base portion 14a that accommodates the drive
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mechanism 30 in the mner portion instead of the operating
unit 14 1s fixed to the tip 508 of the robot arm 502, and the
working unit 16 1n which the tip operating umit 12 is provided
1s mounted so as to be attached to and detached from the base
portion 14a.

The robot arm 502 may be any means for moving the
working unit 16, 1s not limited to a stationary type, and for
example may be autonomously mobile type. If the robot arm
502 1ncludes 6 or more joints (rotation shaits or slide shatts)
that are independent to each other, 1t 1s preferable since the
position and the direction of the working unit 16 can be
arbitrarily set. The base portion 14a configuring the manipu-
lator 11 of the tip 1s integrated with the tip 508 of the robot arm
502.

In the console 504, two joy sticks 506 and a monitor 510
which are an operation command umt are provided. The
console 504 may adopt a configuration such as a table type or
control panel type. The robot arm 502 1s operated under the
operation of the console 504, and an automatic operation
through a program, an operation according to the joy sticks
506 provided in the console 504, or the composite operations
thereol may be configured. The console 504 includes the
functions of the console 29.

In this case, functions similar to the display 104 (refer to
FIG. 7) are provided 1n the momitor 5310, those similar to the
first and second setting switches S1 and S2 or the function
switches F1 to F4 are installed at the periphery of the monitor
510, and similar to the console 29, the system control unit 112
and the storage unit 114 are mounted to the console 504. In
addition, the base portion 14a and the joy sticks 506 act as the
functions similar to the operating unit (main body portion) 14
(refer to FIG. 1).

According to two joysticks 506, two robot arms 502 can be
individually operated. In addition, 1n FIG. 15, a single robot
arm 502 1s shown. However, similar to the manipulator sys-
tem 10, two robot arms may be provided. Two joy sticks 506
are provided at a position where an operation 1s rather easily
performed with both hands. The joy sticks 306 may perform
up and down operations, left and right operations, a twist
operation, and a tilting operation, and the robot arm 502 can
move according to the operation. The joy sticks 506 may be a
master arm.

A grip handle 26 A, a trigger lever 36 A that1s operated to be
pulled and pushed, and a composite mput unit 24 A that 1s
operated to be rotated and be tilted are provided 1n the joy
sticks 506. The trigger lever 36 1s a substitute for the trigger
lever 36, the trigger lever 36 A 1s operated, and therefore, two
rods 82a and 8256 (refer to FIG. 3 and not shown in FIG. 15)
can be driven to advance and retreat through a motor (not
shown) (actuator that drives 1n conjunction with the input unit
operated by hands). The composite imput unit 24A 1s a sub-
stitute for the composite mput unit 24, the composite input
unit 24A 1s operated, thereby, the drive mechanism 30 1s
controlled by the console 504 according to the content of the
operation, and the roll operation, the tilting operation, or the
composite operation thereotl of the tip operating unit 12 1s
performed. At this time, the first setting switch S1 provided in
the console 504 1s operated, and therefore, similar to the
manipulator system 10, the changing and setting registration
of the operating speed of the tip operating unit 12 can be
performed.

Communication means between the robot arm 502 and the
console 504 may be made by wire, wireless, networks, or a
combination thereof. The information on an 1mage 1s dis-
played on the monitor 310 through a flexible mirror.

The detailed description above discloses a medical
manipulator, but the disclosed and illustrated embodiments
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are not intended to restrict the scope of the present invention
as defined 1n the accompanying claims. Various changes,
modifications and equivalents could be effected by one
skilled in the art without departing from the spirit and scope of
the invention as defined 1n the accompanying claims. It 1s
expressly itended that all such changes, modifications and
equivalents, which fall within the scope of the claims be
embraced by the claims.

What 1s claimed 1s:

1. A medical mampulator system comprising:

a plurality of medical manipulators, each of said medical
mamipulators including:

a main body portion that includes drive shafts which are
rotated by actuators and an input unit which drives the
actuators; and

a working unit that includes driven shafts which are
rotatably driven by the main body drive shafits, a tip
operating unit which 1s operated by the rotation of the
driven shaits, and a shait which 1s provided at a tip of
the tip operating unit;

a controller including at least two connectors, each of
which 1s configured to be connected to one of the plu-
rality of medical manipulators, wherein the controller
independently and simultaneously controls the actuators
of the medical manipulators based on an mnput operation
to the mput unit;

wherein the actuators are driven based on the input opera-
tion to the mput unit, and wherein the tip operating unit
performs at least a rotation operation along an axial
direction or a swing operation that crosses the axial
direction;

wherein the controller changes driving speeds of the actua-
tors, and includes a speed setting unit which sets an
operating speed of a rotation operation or a swing opera-
tion for each of the medical manipulators, and which
changes the operating speed of the rotation operation or
the swing operation of the tip operating unit according to
a stored preference of one of a plurality of predeter-
mined users; and

wherein the speed setting unit simultaneously displays,
based on a user-selected memory folder, the operating
speed of the rotation operation or the swing operation for
the tip operating unit for each medical manipulator con-
nected to the at least two connectors and displays the set
driving speed of the actuators before a change of speed
and after the change of speed such that the user can view
and confirm changing the set speed, and such that the
speed of each medical manipulator connected to the at
least two connectors can be simultaneously changed.

2. The medical manipulator system according to claim 1,
wherein the tip operating unit performs the rotation operation
and the swing operation, and the speed setting unit individu-
ally changes the operating speeds of the rotation operation
and the swing operation, respectively.

3. The medical mampulator system according to claim 2,
wherein the controller includes a storage unit that stores a set
value of the operating speed of the tip operating unit through
the speed setting unit, and a combination of the set values of
the operating speed of the rotation operation and the swing
operation are registered 1n a plurality of combinations 1n the
storage unit.

4. The medical manipulator system according to claim 3,
wherein the tip operating unit has a plurality of kinds, and the
speed setting unit changes the operating speed for each kind
of the tip operating unit that 1s provided 1n the working unit
mounted to the main body portion and registers the set value
of the operating speed for each kind 1n the storage unait.
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5. The medical manipulator system according to claim 1,
wherein the controller includes a storage unit that stores a set
value of the operating speed of the tip operating unit through
the speed setting unit.

6. The medical manipulator system according to claim 5,
wherein the tip operating unit has a plurality of kinds, and the
speed setting unit changes the operating speed for each kind
ol the tip operating unit provided 1n the working unit mounted
to the main body portion and registers the set value of the
operating speed for each kind 1n the storage unait.

7. The medical manipulator system according to claim 1,
wherein the controller individually changes the operating
speed of the tip operating unit of each of the plurality of
medical manipulators.

8. The medical manipulator system according to claim 1,
wherein:

the speed setting unit includes a display portion that dis-

plays the set speeds of the tip operating unait.

9. The medical manipulator system according to claim 1,
wherein the speed setting unit displays the operating speed of
the rotation operation and the swing operation for the tip
operating unit for each medical manipulator connected to the
at least two connectors.

10. The medical manipulator system according to claim 1,
wherein connection and disconnection of each medical
manipulator to the controller 1s detected, and upon connection
of each medical mampulator to the controller 1ts type and
operating speed are displayed.

11. The medical manipulator system according to claim 1,
wherein the speed setting unit selectively displays the oper-
ating speed for the tip operating unit for each medical
manipulator based on the user-selected memory folder and
cach medical manipulator’s detected type.

12. The medical manipulator system according to claim 1,
wherein connection and disconnection of each medical
manipulator to the controller 1s detected, and upon connection
of each medical manipulator to the controller its type and
operating speed are displayed; and

the speed setting unit selectively displays the operating

speed for the tip operating unit for each medical manipu-

lator based on the user-selected memory folder and each
medical manipulator’s detected type.

13. A medical manipulator system comprising:

a plurality of medical manipulators, each of said medical

mampulators including:

a main body portion that includes drive shafts which are
rotated by actuators and an input unit which drives the
actuators; and

a working unit that includes driven shafts which are
rotatably driven by the main body drive shafts, a tip
operating unit which 1s operated by the rotation of the
driven shafts, and a shaft which 1s provided at a tip of
the tip operating unit, and wherein the shafit 1s attach-
able to and detachable from the main body portion;

a controller including at least two connectors, each of

which 1s configured to be connected to one of the plu-

rality of medical manipulators, wherein the controller
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independently and simultaneously controls the actuators
of the medical manipulators based on an input operation
to the 1nput unit;

wherein the actuators are driven based on the input opera-
tion to the mnput unit, and the tip operating unit performs
at least a rotation operation along an axial direction or a
swing operation that crosses the axial direction;

wherein the controller changes driving speeds of the actua-
tors, and includes a speed setting unit that sets an oper-
ating speed of a rotation operation or a swing operation
for each of the medical manipulators, and that changes
the operating speed of the rotation operation or the
swing operation of the tip operating unit according to a
stored preference of one of a plurality of predetermined
users; and

wherein the speed setting unit simultaneously displays,
based on a user-selected memory folder, the operating
speed of the rotation operation or the swing operation for
the tip operating unit for each medical manipulator con-
nected to the at least two connectors and displays the set
driving speed of the actuators before a change of speed
and after the change of speed such that the user can view
and confirm changing the set speed, and such that the
speed of each medical manipulator connected to the at
least two connectors can be simultaneously changed.

14. The medical manipulator system according to claim 13,
wherein the tip operating unit performs the rotation operation
and the swing operation, and the speed setting unit individu-
ally changes the operating speeds of the rotation operation
and the swing operation, respectively.

15. The medical manipulator system according to claim 14,
wherein the controller includes a storage unit that stores a set
value of the operating speed of the tip operating unit through
the speed setting unit, and a combination of the set values of
the operating speed of the rotation operation and the swing
operation can be registered 1n a plurality of combinations 1n
the storage unait.

16. The medical manipulator system according to claim 135,
wherein the tip operating unit has a plurality of kinds, and the
speed setting unit changes the operating speed for each kind
of the tip operating unit that 1s provided 1n the working unit
mounted to the main body portion and registers the set value
ol the operating speed for each kind 1n the storage unit.

17. The medical manipulator system according to claim 13,
wherein the controller includes a storage unit that stores a set
value of the operating speed of the tip operating unit through
the speed setting unit.

18. The medical manipulator system according to claim 17,
wherein the tip operating unit has a plurality of kinds, and the
speed setting unit changes the operating speed for each kind
of the tip operating unit that 1s provided 1n the working unit
mounted to the main body portion and registers the set value
of the operating speed for each kind 1n the storage unait.

19. The medical manipulator system according to claim 13,
wherein:

the speed setting unit includes a display portion that dis-

plays the set speeds of the tip operating unat.
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